Sea tangle, a kind of brown seaweed, was fermented with Lactobacillus brevis BJ-20. The gamma-aminobutyric acid (GABA) content in fermented sea tangle (FST) was 5.56% (w/w) and GABA in total free amino acid of FST was 49.5%. The effect of FST on the enzyme activities and mRNA protein expression of alcohol dehydrogenase (ADH) and acetaldehyde dehydrogenase (ALDH) involved in alcohol metabolism in Saccharomyces cerevisiae was investigated. Yeast was cultured in YPD medium supplemented with different concentrations of FST powder [0, 0.4, 0.8, and 1.0% (w/v)] for 18 h. FST had no cytotoxic effect on the yeast growth. The highest activities and protein expressions of ADH and ALDH from the cell-free extracts of S. cerevisiae were evident with the 0.4% and 0.8% (w/v) FST-supplemented concentrations, respectively. The highest concentrations of GABA as well as minerals (Zn, Ca, and Mg) were found in the cell-free extracts of S. cerevisiae cultured in medium supplemented with 0.4% (w/v) FST. The levels of GABA, Zn, Ca, and Mg in S. cerevisiae were strongly correlated with the enzyme activities of ADH and ALDH in yeast. These results indicate that FST can enhance the enzyme activities and protein expression of ADH and ALDH in S. cerevisiae.
Sea tangle (Laminaria japonica) is an edible brown seaweed that is a popular dietary supplement and traditional marine foodstuff in Korea [2, 15] . Sea tangle is enriched in protein, amino acids, minerals, polyphenols, and dietary fiber [1] . Its potential biological actions include antioxidation [14, 15] , antimutagenic [22] , and antiobesity activities [27] . Recently, sea tangle has been used as the raw material for industrial products such as functional and pharmaceutical foods and cosmetics [17] . Gamma-aminobutyric acid (GABA)-enriched sea tangle that is fermented by Lactobacillus brevis BJ20 has been studied as a new source of potentially biologically protective action against ethanol-and carbon tetrachloride-induced hepatic damage in rats [18] and having antioxidant activity [17] . However, there is little information regarding GABA-enriched fermented sea tangle (FST) on the alcohol metabolism enzymes such as alcohol dehydrogenase (ADH) and acetaldehyde dehydrogenase (ALDH).
GABA-enriched food can be used as a dietary supplement to help treat chronic alcohol-related symptoms [21] . In particular, the yeast Saccharomyces cerevisiae possesses higher ADH and ALDH activities than do rats [13, 16] . For these reasons, attempts to apply S. cerevisiae as a suitable model system of alcohol metabolism have been reported [17] . To further this research, this study examined the effects on the enzyme activities and mRNA protein expression of both ADH and ALDH in S. cerevisiae cultured in medium supplemented with different contents of FST. 
MATERIALS AND METHODS

Yeast
Preparation of Crude Extract from S. cerevisiae
The washed yeast cells were suspended in 50 mM sodium phosphate buffer (pH 8.0) containing 1 mM EDTA and 2 mM dithiothreitol, and the suspended cells were disintegrated by sonication with three 30 s cycles at medium intensity (40% duty cycle) with a Ultrasonic Processor VCX-750 (Sonics& Materials, Newtown CT, USA). The sonicated cells were centrifuged at 4 o C for 10 min at 10,000 ×g. Protein concentration of the supernatant was determined by the method of Bradford [4] using a commercial assay (Bio-Rad, Hercules, CA, USA) as specified by the manufacturer.
GABA Analysis
The change in GABA quantity before and after yeast cell cultivation in FST-supplemented medium was determined, as was the amount of GABA absorbed into yeast cells. Cultivated yeast cells were washed with deionized water and disintegrated as described above. The sonicated cells were analyzed for absorbed GABA using a model 1200 high-performance liquid chromatography system (Agilent Technologies, Santa Clara, CA, USA) consisting of a binary pump, a column oven, a fluorescence detector, and an autosampler. A Zorbax Eclipse C at pH 7.8) and B (45% acetonitrile, 45% methanol, 10% water). According to the injector program, each sample was derivatized with o-phthaldealdehyde 3-mercaptopropionic acid (OPA-3MPA) [23] . OPA-3MPA derivatized samples were separated at a column temperature of 40 o C and a flow rate of 2.0 ml/min according to the gradient method [23] . GABA derivatized with OPA-3MPA was detected by fluorescence with excitation and emission wavelengths of 340 nm and 450 nm, respectively, and a photomultiplier gain of 10. The GABA content was calculated using commercial GABA (Sigma-Aldrich, St. Louis, MO, USA) as the standard based on a standard curve. The retention time of GABA standard was 10.42 min in the present study condition (Fig. 1) .
Mineral Analysis
Yeast cells were ashed in porcelain crucibles at 500 o C for 12 h and diluted with deionized water and filtered using Toyo 2A filter paper (Toyo Roshi, Tokyo, Japan) and a 0.45 µm Milex-HA membrane filter (Nihon Millipore Japan, Tokyo, Japan). The Zinc (Zn) content was measured using an AA6700F flame atomic absorption spectrophotometer (Shimadzu, Kyoto, Japan) and was expressed as ppm (mg/kg).
Alcohol Metabolizing Enzyme Activity Assays ADH and ALDH activities were assayed as described previously [3 and 16, respectively] . The ADH and ALDH activity assays determined the formation of NADH in the reaction system by fluorescence absorbance at 340 nm for 5 min after the initiation of the enzyme reaction at 25 o C. The activities of ADH and ALDH were expressed as percent (%) of the control values by the specific activity as micromoles of NADH produced per minute per milligram of protein.
Western Blot Analysis
Proteins in the cell-free extracts containing ADH or ALDH of S. cerevisiae were separated by 10% sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE; 20 and 100 µg for ADH and ALDH proteins per lane, respectively) as described previously [25] . The separated proteins were transferred electrophoretically to a nitrocellulose membrane at 4 o C for 16 h at a constant current of 300/240 mA/cm 2 . After blocking with TBST (10 mM Tris pH 7.5, 100 mM NaCl, 0.1% Tween 20) containing 10% nonfat milk for 1 h at room temperature, the membranes were incubated with a 1:5,000 dilution of rabbit polyclonal ADH or ALDH1A1 conjugated with horseradish peroxidase (HRP) antibody (Abcam, Cambridge, UK). The equivalent amount of protein was loaded and reacted with a 1:250 dilution of HRP-conjugated goat anti-actin (I-19; Santa Cruz Biotechnology, Santa Cruz, CA, USA), which was used as a control for protein loading. Bound antibody was detected using the SuperSignal West Pico Chemiluminescent Substrate (Pierce, Rockford, IL, USA). The relative density of the ADH or ALDH in each reaction was quantified with a Lumi-Imager F1 densitometer (Roche, Basal, Switzerland) and Lumianalyst 3.1.0 software (Roche).
Statistical Analysis
The data from animal experiments are presented as the mean±SE, and were analyzed using one-way analysis of variance (ANOVA), with the differences analyzed using the Duncan's new multiplerange test [9] . A p-value <0.05 was accepted as being a statistically significant difference.
RESULTS AND DISCUSSION
Saccharomyces cerevisiae Cell Growth S. cerevisiae has been successfully used to analyze the mechanisms of cytotoxicity for a variety of drugs [20] . The possible toxic effect of S. cerevisiae was presently tested at different concentrations of FST powder (0-1%) for 18 h. There were no significant differences in the cell growth of S. cerevisiae (Fig. 2) .
Content/Activity of ADH and ALDH, and Contents of GABA and Minerals Alcohol is readily absorbed from the gastrointestinal tract, circulates rapidly, and becomes distributed uniformly throughout the body [11] . Thereafter, 80-90% of the alcohol absorbed GLU: Glutamate; GABA: γ-aminobutyric acid.
